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    Abstract 
This paper examined the physical characteristics of floods and management adaptations to flood 
hazards in the Imo River basin.  From the study, it was determined that the pre and post flood 
disaster management is a yearly event. The extent and time of commencement usually differs in 
each flood season, being between July, August and September when rainfall is at its peak. From the 
study, it was observed that flood duration in the sampled communities last for as much as three to 
four months.  The velocity of the floodwaters under peak discharge usually between August and 
September was observed to be sluggish, while being faster during recession in mid-October.  An 
investigation of human adaptation to flooding in affected communities indicated that up to 70% of 
the inhabitants have derived ways of managing their flood disasters on short term basis. These 
adaptation methods include emergency evacuation and rescheduling of activities, bearing flood 
losses and land use changes. It is recommended flood forecasting and warming systems be 
introduced. Engineering control of the major tributaries of the Imo River system is required to 
reduce impact of flooding on the settlements, while land use zoning will serve as an effective 
adaptation and disaster management option in the study area.  
Keywords: Flood disaster, climate change, weather extremes, management strategies  
Introduction 
In the past quarter century over 95% of disaster 
deaths occurred in developing countries, and direct 
economic losses income were more than doubled in 
low-income and high-income countries (Arnold and 
Kreimer, 2004). Disasters are ‘situations or events 
which overwhelm local capacity, necessitating a 
request to a national or international level for external 
assistance; an unforeseen and often sudden events that 
cause damage, destruction and human suffering’ 
(CRED 2010). According to study by CRED (2010) 
about 335 natural disasters (excluding biological 
disasters) were reported globally in 2009. More so, 11 
000 persons were killed and 119 million others were 
affected by these disasters. The economic damages 
associated with these natural disasters were estimated 
to be just over US$ 40 billion. Hydrological disasters 
(e.g. floods) (54%) remained the most common 
disasters in 2009, followed by meteorological 
disasters (e.g. storms) (25%).  
 
For developing countries such as make up the 
African continent, the weakness of State 
infrastructures, absence of appropriate legal and 
policy frameworks and sometimes inadequate 
resources particularly render them more 
vulnerable to the gory consequences of large-
scale disasters. (Olowa, 2010).  Two thirds of the 
coastal disasters recorded each year are associated 
with extreme weather events such as storms and 
floods. These are likely to become more 
pervasive threats due to shifts in climate and sea 
level rise (Adger et al., 2005). In terms of coastal 
flooding it is estimated that about 50 million 
people are estimated to be at such risk by 2080 
due to climate change and increasing population 
densities.  
Floods are the most common and widespread 
of all-natural disasters (Bhanumurthy and Behera, 
2008). Flooding accounts for about 40% of 
fatalities from natural disasters. Future 
developments may lead to a growth of the  
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worldwide risks of flooding. The effects associated 
with global warming, such as sea level rise, more 
intensive precipitation levels and higher river 
discharges, may increase the frequency and the 
extent of flooding on a worldwide scale. Increased 
urbanization in developing countries and invasion of 
coastal and river plain areas by agricultural, 
residential and industrial activities, etc., are some of 
the major factors that will contribute to the 
increased vulnerability to flood hazards.  
Floods occur when soil becomes saturated and 
its infiltration capacity is zero; runoffs cannot be 
contained in stream channels, natural ponds and 
constructed reservoirs, and the land surface becomes 
submerged, sweeping away all its content. Periodic 
floods, resulting during heavy rains, occur naturally 
on many rivers, forming an area known as the flood 
plain. The river floods often cause the rivers to 
overflow their banks, sometimes with a velocity and 
enormously destructive surge. Global population 
growth, more intensive urbanization in flood prone 
areas and the limited development of sustainable 
flood-control strategies will increase the (potential) 
impacts of floods (Jonkman, 2004).  
Every year floods cause enormous damage all 
over the world. In the last decade of the 20th 
century floods killed about 100,000 persons and 
affected over 1.4 billion people. The statistics show 
that floods have a large impact on human well-being 
on a global scale. As a direct consequence floods 
may lead to economic damage and damages to eco-
systems and historical and cultural values. 
Furthermore floods can lead to the loss of human 
life and other (non-lethal) human health effects, 
(Ohl and Tapsell, 2000; WHO, 2002; Hajat et al., 
2003). Indirectly floods can cause the loss of 
economic and agricultural production and a 
decrease of socio-economic welfare (Appleton, 
2002). In response, the International Decade for 
Natural Disaster Reduction (IDNDR) was launched 
by the General Assembly of the United Nations in 
1987 to run from 1990 to 2000. Its aim is to reduce 
the loss of life, property damage and social and 
economic disruption caused by natural disasters. 
The resolution proclaiming the Decade makes 
specific reference to floods, tsunamis, drought and 
desertification among the principal disasters to be 
considered. The IDNDR calls for action by 
governments and international organizations to put 
greater emphasis than in the past on disaster  
 
prevention (Ologunorisa, 2009). 
Natural disasters are inevitable and it is almost 
impossible to fully recoup the damage caused by the 
disasters. But it is possible to minimize the potential 
risk by developing early disaster warning strategies, 
preparing and implementing developmental plans to 
provide resilience and to help in rehabilitation 
((Bhanumurthy and Behera, 2008). In response to 
global natural disasters being witnessed the Federal 
government in 1976 established the National 
Emergency Relief Agency (NERA) to coordinate its 
disaster response activities. The Agency was purely a 
relief organization focusing only on post disaster 
management. The continued increase in deaths from 
natural and man-made disasters globally highlighted 
the dare need for mitigation and prevention of 
disasters. Thus in 1999, the National Emergency 
Management Agency (NEMA) was established to 
replace NERA and to manage disasters in Nigeria in 
its entire ramification. The National Emergency 
Management Agency, amongst others, has a mandate 
to Formulate policy on all activities relating to 
disaster management in Nigeria and co-ordinate the 
plans and programmes for efficient and effective 
response to disaster at national level. Since its 
formation however, not much has not been achieved 
due to the weak state of infrastructures, absence of 
appropriate legal and policy frameworks and 
sometimes inadequate resources and capacity 
building in the country.  
Nigeria in the last two decades has witnessed 
tremendous increase in the population of coastal 
areas, which place more people at the risk of extreme 
weather events especially flooding. Serious flood 
disasters are known to have occurred in Ibadan 
(1985, 1987. 1990), Osogbo, Osun State (1992, 1996, 
2002), Yobe (2000), Akure, (1996, 2000, 2002, 
2004, 2006) and the coastal cities of Lagos, 
Portharcourt, Calabar, Uyo and Warri among many 
incidences that have claimed many lives and 
properties worth millions of naira (Eludoyin et al., 
2007). 
The flood events in most southern cities in 
Nigeria are so prominent that some inhabitants in 
many of these settlements have often described it as 
‘an act of God’. However, apart from the Yobe’s 
case, which was caused by breakdown of a dam, 
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including Akure, Ibadan, Lagos and Osogbo are 
mostly due to the poor consciousness of the 
inhabitants on environmental information, 
inadequate (or sometimes absolute lack) of spatial 
information on the flood prone areas, waste dump 
and construction of buildings (both commercial and 
residential, even public offices) on river channel 
without adequate measure for water flow (Eludoyin 
et al., 2007). While the poor will be most vulnerable 
to the flood disaster disasters, it is often the women 
and children among them who are most affected. 
In view of the devastating impacts of floods and 
associated socio-economic consequences plus the 
potential impacts of extreme weather events 
occasioned by shift in climate, there need to study 
the character of floods and evaluate the existing 
adaptation measures to flood hazard in Nigeria 
becomes necessary. The present study seeks to 
examine the physical character of floods and 
evaluate adaptation measures already adopted in 
flood prone areas. This is with a view to 
introducing other measures that will aid in flood 
disaster reduction in flood prone areas. 
Study Area 
The Otamiri and Oramirukwa Rivers form the 
study area. The two Rivers are major tributaries of 
the Imo River and lie about 60kms north of the 
Atlantic Ocean and 70kms east of the River Niger. 
The area is located within latitudes 05º25´ N and 05º 
32´ N and Longitudes 06º 56´E and 07º35´ E. The 
topography of the study area is generally plain in the 
south but consist of gentle to high undulating ridges 
in the North. The study area is underlain by coastal 
plains sands of the Miocene-Pleistocene stage. The 
sediments consist of yellow and white sands which 
are sometimes cross-bedded with clays and sandy 
clays occurring in lenses (Orajaka, 1975). The soils 
found in the study area are the deep porous brown 
and red soils derived from sands. These soils belong 
to the class of ferralitic soils.  
Two communities within the catchment areas of 
Otamiri and Oramiriukwa were chosen for the study. 
These are Nekede and Ulakwo communities both in 
Imo State. The Otamiri river is gauged at Nkede 
while Oramiriukwa rive is gauged at Ulakwo (Fig. 
1). 
The vegetation of the basins can be described as 
secondary forest. The vegetation cover shows a 
varied combination of different types of plant group 
which   reflect the   extent of interference by    man 
 
on the original vegetation cover.  In some parts of 
the basin, the vegetation cover are marked by the 
frequent occurrence of the umbrella tree (Musanga 
decropoides). The southern part of both basins is 
relatively undisturbed. The forest is dense and 
consists of 3 layers; high dominant trees, low 
dominant trees, shrubs and herds all interwoven by 
lianas and climbers. Tress here attains the heights of 
between 25-30meters.  In the middle section of the 
Otamiri basin, different species of shrubs with 
heights of 3.5-5 meters form the dominant 
vegetation cover. The common species found 
includes Acio barter and Dialum guineensis species.  
Methodology  
Available stream discharge data for selected 
communities for the periods 1984 to 1988 were 
obtained from the Hydrological Year Book of the 
Anambra-Imo River Drainage Basin Development 
Authority (A.I. R.D.B D.A, 1984). These data were 
extended by 22 years using the SCS-CN model by 
USDA Soil Conservation Service (SCS, 1972). CN 
values for our study area were directly estimated 
from available discharge data of the study area, 
using Hawkings (1979) quadratic formula. The 
SCS-CN method is based on the water balance 
equation and on the fundamental assumption that the 
ratio of runoff to effective rainfall is the same as the 
ratio of actual retention to potential retention (Soulis 
et al., 2009). Rainfall data of the study area were 
collected from the Nigeria Meteorological Agency, 
for the periods 1982 to 2010. Oral interviews, Focus 
group discussion and questionnaire techniques were 
adopted to capture information of existing 
adaptation measures to flood events. Information on 
flood characteristics in the two communities was 
determined from hydrographs drawn for the areas 
such as flood magnitudes, flood peak period, flood 
recession as well as information on process-response 
relationships in the two basins (rainfall-stream flow 
relationship). The Coefficient Variability (C.V) 
index was used to compute the percentage variation 
in stream discharge in the study area. The general 
trends and direction in stream discharge of the rivers 
under study was determined using regression and 
correlation techniques of Pearson Product Moment 




Results and Discussion  
 The results of computed monthly stream flows and seasonal pattern of discharge in the studied 
communities are presented below. 
 
           Fig.2 Seasonal stream flow pattern of Otamiri in Nekede Community 
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In Fig.2, high discharge values were attained 
from the month of July and maintained through 
August to September. Soil moisture recharge in 
Otamiri basin spanned from May to July. The 
sudden rise in discharge as observed in March 
represents flash flood which is associated with early 
rains in the basin. Trend in stream discharge of 
Otamiri shows a general linear suggesting that 
flooding in Nekede was seasonal with a coefficient 
value of 0.54. Thus, the greater the amount of 
precipitation, the greater the expansion of source 
areas contributing quick flow to the stream channels, 
which eventually spills over to adjacent land 
resulting in flooding. 
Duration of flood represents the length of time 
an area is under peak. In Fig. 2, Nekede becomes 
flooded after the Otamiri river had attained its bank 
full stage between July to September with August 
recording the highest peak. The volume of discharge 
during flood months in Nekede include 259.9 (July), 
266.3(August) and 261(September) m3/sec. In Fig. 
3, peak discharges were recorded between August 
and September. The pattern of stream discharge of 
Oramirikwa like Otamiri River shows a general 
linear trend with a coefficient (r) of 0.50. Flood 
duration in Ulakwo community, spans from August 
through September, with monthly discharge volumes 
of 90.5 and 108.3 m3/sec respectively. 
Both flood durations and volumes in the two 
communities showed marked variation, reflecting 
the extent of differences in geological and 
topographical properties in these environments. The 
soil type, vegetation cover and relief of the 
Oramiriukwa basin are unfavorable to direct runoff 
generation. Runoff response to rainfall in Ulakwo is 
slow hence much of the precipitation is lost to 
infiltration and couple with the fact that the basin is 
gentler than the Otamiri. Interviews with inhabitants 
of both communities showed that floodwater in the 
areas may remain at high stage for weeks and in 
some cases months interrupting economic activities 
especially farming and trading. In extreme cases 
prolonged flood peaks result in submergence of 
building, roads and footpaths. 
Figs 4 and 5 illustrate the magnitudes of floods 
in studied locations. A general increase in stream 
flow in the sub-basins was observed from the 
beginning of rainy season around May attaining 
peaks between July, August and September and 
decline towards a minimum around mid-October at 
the beginning of Dry season. Discharge responded 
particularly to the seasonal pattern of rainfall. 
However, in Oramiriukwa (Olakwu community), 
there is a slight displacement of rainfall peak from 
discharge peak (Fig 5). The delayed rise in discharge 
corresponding to rainfall peak may be attributed to 
the elongated shape of the basin, its gentle slope 
which creates a lag-time effect, which affects the 
duration it takes water from the furthest point in the 
catchment area at the discharge point. Analysis of 
rainfall-discharge relationship in the study area 
showed positive correlation with a 0.51 correlation 
coefficient for Otamiri River and 0.72 for 
Oramiriukwa River. The coefficients of variability 
(C.V) for our basins were calculated as 0.07 for 
Otamiri and 0.56 for Oramiriukwa. These values are 
consistent with C.V values for river basins in the 























Fig.6: Methods of flood adaptation adopted by inhabitants of Nekede community (Fieldwork, 2010)    
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Variability of discharge measures the stream 
flow fluctuation in a hydrological year. Study has 
shown that low C.V values depict rivers with 
relatively even flow throughout the year while C.V 
values depict basins that have high discharge during 
the rainy season but dry up during dry season (Aper, 
2006). C.V calculated for Oramiriukwa is higher than 
Otamiri, suggesting that stream flow of Otamiri River 
is relatively even throughout the year. The fact that 
C.V values are not uniform suggests that certain 
parameters in the basins may interfere with the 
discharge variability index in the study area in 
different forms.  Human activities, evaporation rate 
and deforestation are some of the factors reported to 
alter the basin response pattern and annual discharge 
variability (Berger and Entekhabi, 2001).  
In Figs.6, and 7 common flood management 
strategies in the study area have been summarized. 
The choice of adaptation method is based principally 
on previous knowledge of physical nature of flood 
events and affordability. In Nekede, bearing the flood 
losses ranked highest. In this method financial, social 
and psychological burden of flood hazard often fall 
on the individual. The land elevation which ranked 
second involves filling the land with sand and stones  
 
so as to raise the surface above the level of the 
probable-maximum flood. Change in land use ranked 
last. In this method flooded areas are converted to 
fish farms pending the recession of flood. In Ulakwo, 
embankment (drainage channels) ranked highest 
followed by land elevation. Land use change ranked 
lowest.  
Other flood adjustment methods as insurance, 
flood forecast and early warming, engineering 
control on river tributaries, legislation and floodplain 
zoning are not currently being used in both 
communities. According to Andersen 2001; Kreimer 
et al., 1999; and Litan, (2000) households, farmers 
and businesspersons in poor countries cannot easily 
afford commercial insurance to cover their risks. 
Cost is not the only limiting factor to insurance 
uptake; other factors include a lack of formal titles to 
property, lack of awareness and understanding of the 
concept of insurance, and reliance on government or 
international donor relief spending. Lacking savings 
or access to credit, the alternatives to insurance for 
many in the developing world include high-interest 
post disaster loans and arrangements that involve 
reciprocal exchange, such as kinship ties, community 




















Conclusion and Recommendations 
 
In this study, the physical characteristics of 
flood have been investigated such as onset of flood, 
time of peak, flood recession, duration, magnitude 
and index of variability of stream flow. A general 
increase in flood magnitude in the sub-basins was 
observed from the beginning of rainy season around 
May attaining peaks between July, August and 
September and decline towards a minimum around 
mid-October at the beginning of Dry season. Flood 
hydrograph responded particularly to the seasonal 
pattern of rainfall. Index of stream flow variability 
calculated for basins under study suggest that 
Otamiri, River has higher propensity to flood its 
adjacent area than Oramiukwa River which is 
highly variable. 
Simply bearing flood losses, embankment 
(drainage channelization), land elevation ranked 
highest as adjustment methods to flood damage. 
Other flood adjustment methods such as insurance, 
flood forecast and early warming, engineering 
control on river tributaries, legislation and 
floodplain zoning are not currently being used in 
both communities. Floodplain zoning and 
management are thus needed in these communities 
to improve sustainable natural resource 
management. Maintaining effective early warning 
systems, institutions, governance and management 
 
frameworks to help confine the potential flood 
disaster related impacts to manageable proportions 
are also required. There is need for flood insurance 
schemes for residents of floodplain in the region for 
reducing the loss arising from flood.  Early warning 
systems are recommended to provide advance 
warnings and enhance evacuation plans. Since most 
flood is not only caused by physical conditions, but 
also due to socio-economic activities such as logging 
and the clearing of lands in the catchment areas for 
agricultural and other purposes, there should be 
stricter laws governing these activities, and more 
importantly they should be followed by effective 
enforcement. 
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